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 FULLERENE DERIVATIVES AS COMPONENTS FOR ‘PLASTIC’ 
PHOTOVOLTAIC CELLS  
Joop Knol and Jan C. Hummelen* 
Stratingh Institute and Materials Science Centre 
University of Groningen 
Nijenborgh 4, 9747 AG Groningen, The Netherlands 
e-mail: j.c.hummelen@chem.rug.nl 
Abstract: 
Derivatives of [60]fullerene, mixed with conducting polymers to yield donor-
acceptor bulk-heterojunction (b-junction) materials, are useful in ‘plastic’ 
photovoltaic devices. In order to enhance the charge carrier mobilities in the two 
individual interpenetrating networks, one important goal of our work is to obtain 
more (supra) molecular order in the b-junction. The second goal is to obtain control 
over the scale of the phase segregation. A third goal is to lower the percolation 
threshold of the fullerene component. The preparation and characterization of a 
first series of [60]fullerene derivatives (polymer-compatible derivatives, supra-
molecular building blocks, D-A network units) is discussed. 
INTRODUCTION  
Since the discovery of the ultra-fast ( < 300 fsec) and highly efficient 
photoinduced electron transfer between certain conjugated polymers and 
Buckminsterfullerene C60, there has been a steady increase in investigations with 
respect to the photophysical details of the processes involved, the potential 
applications in ‘plastic’ electronic devices, and the scope and limitations with 
respect to the donor and acceptor molecular structure and material properties (1). 
One of the most intriguing applications for the process is in polymer photovoltaic 
cells. The speed of the forward electron transfer, combined with the charge 
separated state being meta-stable (lifetime ~ 10-5-10-3 sec) makes this process very 
useful for PV applications, since it allows for considerable time for the collection of 
the photo-generated charges. In the early stage, device structures consisting of a 
donor- and an acceptor layer, sandwiched between two electrodes, were 
investigated, but these devices showed very limited efficiencies because 
photoinduced electron transfer only took place in a small area around the donor-
acceptor interface (2). When blends of conjugated polymers and C60 were used in a 
single layer between electrodes, in a new type of PV cell, based on the principle of 
two (donor and acceptor) interpenetrating networks forming a bulk-heterojunction, 
the PV efficiency increased (3). However, the very low solubility of C60 made it 
virtually impossible to reach concentrations in the donor-acceptor blend above the 
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 percolation threshold. With the use ofhighly soluble C60 derivatives (4), this 
problem was solved and again a marked increase of PV efficiency was observed (5). 
Recently, equally efficient large area (~ 4 cm2) flexible conjugated polymer/carbon 
cluster derivative (CPC) PV cells were made and demonstrated (6). 
In this contribution, we describe some strategies to further increase the 
efficiency of the CPC PV cells as well as our first results regarding the preparation 
of fullerene based supramolecular building blocks for nanostructured CPC bulk-
heterojunctions. 
THE BULK -HETEROJUNCTION  
The present CPC PV cells utilize a bulk-heterojunction consisting of 
interpenetrating networks of conjugate polymers and fullerenes with still a high 
degree of disorder. This phenomenon implies that the overall charge carrier 
mobility within the CPC PV cell is still low. There are numerous ways in which one 
could think of modifying the actual structure of the bulk- terojunction. One of the 
options is to use fullerene based supramolecular building blocks, which in principle 
would offer an opportunity for increasing the order in a CPC PV cell on the nano-
level. Such building blocks can be used to form well-defin d (non-covalent) links or 
assemblies between the fullerene and the CP or between independent fullerene units 
(e.g. self-assembly). Increased order in the fullerene phase could result in a lowering 
of the percolation threshold and an increase in the overall charge carrier mobility. 
On the molecular level the principle of assembly requires the presence of 
appropriate functional groups on the interacting partners. These functional groups 
have to be complementary in order to form a linkage like a ‘lock’ and a ‘key’ (e.g. a 
hydrogen bond). This principle of assembly between fullerene and CP or between 
independent fullerene units through complementary functional groups is illustrated 
in Figure 1. 
EXPERIMENTAL RESULTS  
For the introduction of functional groups, a number of methanofullerenes 1 - 
3 containing carboxylic groups were prepared (7)(structures depicted in Figure 1). 
All compounds have been fully characterized by spectroscopic techniques (IR, 
UV/VIS, NMR) and display good solubility in solvents like carbon disulfide, toluene 
tetrahydrofuran and o-dichlorobenzene. Among these compounds, the properties of 
methanofullerenes 2a,b and 3 are of special interest, since they both contain 
complementary functional groups (e.g. the carboxylic acid and the dialkylamino 
functionality) in the same molecule. These type of molecules were designed to form 
a supramolecular structure involving multiple interactions between the carboxylic 
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 acid and the dialkylamino functionalities (via hydrogen bonding or full proton 
transfer) to form an array of fullerene units comparable to Scheme 1 (b). A 
schematic representation of a possible supramolecular arrangement of 
methanofullerene 2bis given in Figure 2. A preliminary study of the assembling 
features of 2b in the solid state revealed that recrystallization of 2b u der carefully 
controlled conditions leads to the formation of polycrystalline bowl-shaped 
superstructures of ~0.2 - 0.4 mm, as identified by microscopy. Investigations are 
underway to gain more insight in the actual assembly properties of 2a,b and 3 and 
the impact of these compounds on the architecture of the bulk-het rojuction. 
Scheme 1. (a) Assembly of CP and fullerene (b) Self-assembly of fullerene. 
Figure 1. Molecular structures of methanofullerenes 1 - 3. 
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 Figure 2. Schematic representation of the self-as mbly of methanofullerene 2. 
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